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(57) ABSTRACT 

Provided is an optical disk apparatus which has high read 
retry ability and high compatibility by performing a proper 
verify for other apparatuses. The optical disk apparatus 
includes a playback system capable of arbitrarily changing 
playback performance, and means which detects and deter 
mines a factor causing a read error. Moreover, a read retry 
is performed by use of playback parameters corresponding 
to the factor causing the read error. Furthermore, a verify is 
performed with the playback performance of the playback 
system lowered. 
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FIG. 1 
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FIG. 2 
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FIG. 4 
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FIG. 6 
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FIG. 7 
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FIG 11 
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OPTICAL DISKAPPARATUS AND 
PLAYBACK SIGNAL PROCESSING 

METHOD 

CLAIM OF PRIORITY 

0001. The present application claims priority from Japa 
nese application JP 2006-109352 filed on Apr. 12, 2006, the 
content of which is hereby incorporated by reference into 
this application. 

CROSS REFERENCE TO RELATED 
APPLICATION 

0002 U.S. patent application Ser. Nos. 11/092,872, 
11/237,753, 11/236,742 and 11/236.801 are co-pending 
applications of this application. The contents of which are 
incorporated herein by cross-reference. 

BACKGROUND OF THE INVENTION 

0003 1. Field of the Invention 
0004. The present invention relates to an optical disk 
apparatus and a method for processing a playback signal in 
the optical disk apparatus. 
0005 2. Description of the Related Art 
0006. One of distinguished features of an optical disk 
apparatus and a disk compliant with standards of DVD, 
Blu-ray Disc (BD) and the like is that a recording medium 
is commutative and recording and playback can be per 
formed even when disks are exchanged between different 
apparatuses. Compatibility is an extremely important matter 
for an optical disk, and requirements for the compatibility 
are set as the standards. However, in reality, the compatibil 
ity may be lowered for various reasons. For example, 
recording may be performed in a state where laser power in 
recording widely deviates from its proper value for some 
reasons. Moreover, a surface of a disk recorded is scratched 
or stained and, as a result, the compatibility may be lowered. 
0007. In order to maintain the compatibility, it is needed 
not to make a disk which cannot or can hardly be played 
back by other apparatuses, when recording in the disk. 
Moreover, in playback, it is required that devices are made 
So as to hinder a read error from occurring as much as 
possible, even if a disk is in a bad condition including the 
case where the disk is defective or stained. Therefore, to 
improve playback performance of the optical disk apparatus 
is an essential requirement for enhancing the compatibility. 
Thus, playback ability has been enhanced by introducing 
various technologies, such as an adaptive target Viterbi 
decoder (synonymous with an adaptive Viterbi decoder), 
described in Japanese Patent Laid-Open No. Hei 11 (1999)- 
296987, for example, for dealing with the case where a 
playback signal has large asymmetry. 
0008 Moreover, except for the time of stream playback 
and the like, generally, when a read error occurs, a read retry 
is performed in order to acquire data in the cluster. In the 
read retry, trials have heretofore been done according to a 
pre-prepared retry parameter list without specifying a factor 
for a read error. 
0009. As a result of improving the playback performance 
of the optical disk apparatus, when confirmation playback 
(verify) after recording is performed under the same condi 
tions as those of normal playback, detected symbol errors 
are few, even thought recording quality is significantly 
deteriorated by problems in recording. Accordingly, there 

Oct. 18, 2007 

will be more and more cases where the deterioration thereof 
cannot be identified. Consequently, in the case where a 
recording region of the disk is played back by different 
apparatuses, the read error is more likely to occur. That is, 
the compatibility is lowered. 
0010 Moreover, there is a wide variety of events which 
trigger the read error. In many cases, the read error is caused 
by an exceptional event. In the case where a degree of the 
error is minor, if playback is tried again under normal 
playback conditions, the playback is successfully performed 
with a considerable probability (simple retry). However, in 
the case where the degree thereof is major, a sufficiently high 
probability of success may not be expected unless drive 
operation parameters are changed at the time of read retry. 
In addition, a host which issues a read command generally 
determines that it is unable to read if the host cannot acquire 
data within a certain period of time after issuance of the 
command (timeout). Thus, the number of times of the read 
retries which can be executed is limited. 
0011. The major factors for the read error can be classi 
fied broadly into three groups, including a defect, a deviation 
and a SNR deficit. Moreover, there are differences in setting 
policies of playback parameters in the read retries corre 
sponding to the respective factors. In the read retry, trials 
have heretofore been done according to a pre-prepared retry 
parameter list without specifying the factor for the read error 
(such a parameter list will be hereinafter called a retry list). 
Thus, in Some occasion the trials have been done by using 
parameters which are absolutely invalid, or even have 
adverse effects. Moreover, since there is a limitation on the 
number of trials which can be executed, there is a problem 
that variations on effective trial parameters are limited. To be 
more specific, if the deviation is a cause of the read error, it 
is effective to increase or decrease a tracking or focusing 
gain, and to lower a play back speed. Meanwhile, if the 
defect is a cause of the read error, the procedures described 
above are more likely to have adverse effects. 

SUMMARY OF THE INVENTION 

0012. An object of the present invention is to provide an 
optical disk apparatus which has high read retry ability and 
high compatibility with other apparatuses. 
0013 An optical disk apparatus of the present invention 
includes a playback system capable of arbitrarily changing 
playback performance, and lowers the playback perfor 
mance at the time of verify. Moreover, the optical disk 
apparatus includes: means which detects and determines a 
factor for a read error, and means which performs a read 
retry by use of a playback parameter corresponding to the 
factor causing the read error. 
0014. The present invention makes it possible to achieve 
high read retry ability and to perform a proper verify for 
other apparatuses. Moreover, it is possible to enhance ability 
to deal with a read error caused by an exceptional event. As 
a result, an optical disk apparatus with high compatibility 
can be provided. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0015 FIG. 1 is a diagram showing a schematic configu 
ration of an optical disk apparatus according to the present 
invention. 
0016 FIG. 2 is a diagram showing read error factor 
detection and retry parameter setting timing. 
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0017 FIG. 3 is an explanatory diagram of a defect 
detection method. 
0018 FIG. 4 is a diagram showing an example of play 
back signal disturbance caused by a fingerprint. 
0019 FIG. 5 is a diagram showing an example of a retry 

list for dealing with a deviation. 
0020 FIG. 6 is a diagram showing an example of a retry 

list for dealing with a defect. 
0021 FIG. 7 is a diagram showing an example of a list for 
dealing with a SNR deficit and the fingerprint. 
0022 FIG. 8 is a diagram showing an example of a retry 

list for playback of an isolated block. 
0023 FIG. 9 is a diagram showing a configuration of a 
PLL. 
0024 FIG. 10 is a graph showing a marginal curve of a 
PLL initial condition which enables playback of the isolated 
block. 
0025 FIG. 11 is a diagram showing a read channel setting 
at the time of verify. 
0026 FIG. 12 is a diagram showing a result of error rate 
measurement by a verify setting. 
0027 FIG. 13 is a diagram showing an eye-pattern of a 
playback signal at the time of verify error. 
0028 FIG. 14 is a flowchart showing a procedure of a 
verify. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

0029. With reference to the drawings, an embodiment of 
the present invention will be described below. 
0030 (Retry Using List Classified by Factor and Factor 
Detection) 
0031. A description will be given for a method for 
estimating a factor of a read error when occurring and for 
performing retry processing based on the result thereof. The 
factors of the read error are classified broadly into the three 
groups including the defect, the deviation and the SNR 
deficit as described above. Among those factors, the defect 
and the deviation can be detected with sufficient credibility. 
Therefore, by use of the results, the factors for the read error 
are classified into the three groups. Unless otherwise noted, 
the factor for the read error will hereinafter mean any one of 
the defect, the deviation and the SNR deficit. By applying a 
retry parameter list prepared for each of the factors, a more 
effective retry operation is performed in comparison with the 
conventional cases. 
0032 FIG. 1 shows a schematic configuration of an 
optical disk apparatus (drive) according to the present inven 
tion. Here, only parts required to be described in relation to 
the present invention are shown, and the other parts are 
omitted. Similarly, details of the respective parts which can 
be easily understood by those skilled in the art are omitted. 
0033 Information recorded in a disk 1 is optically played 
back by use of a pickup 2 and is transduced into an electric 
signal. Thereafter, the electric signal is inputted to a read 
channel 3 which is a signal processing system. After being 
binarized by the read channel 3, the signal is processed in the 
manner of error correction processing and the like by an 
error correction code decoder 4. Thus, user data is retrieved. 
This is general description of normal playback operations. 
Generally, those operations are automatically performed in 
accordance with a sequence included in an LSI. 
0034. Next, a description will be given for factor detec 
tion and a Subsequent read retry operation. Here, for sim 
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plicity, the description will be given by assuming that a 
factor to be detected is only a defect. FIG. 2 shows a setting 
of read parameters in the factor detection, and timing for the 
setting. The top part of FIG. 2 shows a RUB (recording unit 
block) which is performing playback, the middle part 
thereof shows a state of a defect detection flag, and the 
bottom part thereof shows a set of playback parameters used 
in the event. 
0035. It is assumed that, while playback is continuously 
performed for a RUB (n-2), a RUB (n-1) and a RUB (n), 
a read error is currently generated in the RUB (n). When the 
read error occurs, a controller 6 starts a retry operation. In a 
first retry, a simple retry is performed. In order to read the 
RUB (n) again, it is required that seek is done. In the seek 
operation, a pickup position is returned to a cluster locating 
several clusters before a target cluster, and therefrom tracks 
are trailed to reach the target cluster. In this event, as shown 
in FIG. 2, a defect detection flag is reset when the seek is 
completed. Thereafter, when the first retry of the target 
cluster is completed, it is determined whether or not a defect 
exists in a target region by referring to the defect detection 
flag. 
0036. The defect detection is performed by use of a 
defect detector 5. The defect detector 5 is a circuit which 
monitors a top envelope of a playback signal, as shown in 
FIG. 3, and which outputs a defect detection signal in the 
case where the amplitude which is not more than a threshold 
continues for a certain period of time or more. When the 
defect detection signal is outputted continuously for a cer 
tain period of time or more, the defect detection flag is set 
up. Note that, once a defect is detected, the defect detection 
flag is set to maintain a high level until the flag is reset. Thus, 
it is possible to guarantee that, when the first retry is 
completed, the state of the defect detection flag reflects the 
presence or absence of a defect detected from a time when 
the seek is completed to a time when the retry of the target 
cluster is completed. The reason why timing of resetting the 
defect detection flag is set before the target cluster is that a 
read error may be caused by jumping to a track other than 
the target due to an influence of a defect before the target 
cluster. 

0037. If the read error occurs even in the first retry 
(simple retry), a retry operation based on a result of a factor 
detection flag is performed. Since the factor to be detected 
is currently only the defect, the factors are classified into the 
defect and others. A playback parameter list for each of the 
factors at the time of retry is expressed as S (factor number, 
trial number). Moreover, a playback parameter list in normal 
playback is expressed as S (0, 0). Here it is assumed that a 
factor number of a defect is 1, and that of the others is 2. If 
the defect detection flag is set up, retries after the first retry 
are sequentially executed in the order of parameter lists S (1, 
O), S (1, 1) and S (1, 2) until read is successfully performed. 
0038. Note that it can be easily understood by those 
skilled in the art that the controller 6 is configured of a 
micro-computer, a feedback controller, a universal memory 
and the like, as hardware; that operations thereof are con 
trolled by firmware; and that the controller also includes a 
read parameter set used at the time of retry, and the like. 
0039. In the example of FIG. 1, only the defect is used as 
the factor to be detected. Even if a deviation detector for 
tracking and focusing is added to the configuration described 
above, the foregoing description can be applied without 
making almost any changes. In this case, factors are classi 
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fied into the defect, the deviation, the SNR deficit, and 
others. The deviation is detected when amplitude of an error 
signal in a tracking feedback control circuit exceeds a 
certain value. The deviations of tracking and focusing can be 
individually detected. However, as to a frequency of occur 
rence of read errors due to the deviation, remarkably more 
errors are caused by tracking deviations. Thus, here, in 
consideration of system simplification, retry lists concerning 
tracking and focusing deviations are combined, and the 
same list is executed regardless of which one of the devia 
tions is detected. 
0040. There may be a plurality of factors to be detected, 
and those factors may be detected at the same time. In 
preparation for the case where a plurality of read error 
factors are detected at the same time, a detection priority is 
determined. If a defect and a deviation are detected at the 
same time, the defect is prioritized. This is because there are 
many cases where a large tracking error occurs immediately 
after a playback light spot finishes passing on a long defect, 
and, even if a substantial read error factor is the defect, a 
deviation is often detected at the same time. 
0041 Moreover, a fingerprint has both of a defect-like 
element due to local extinction and a deviation-like element 
caused by refracting read light. Since extinction caused by 
the defect has a short period of duration, no defect detection 
flag is set up in most cases. However, the local extinction has 
a characteristic of appearing more than once within several 
cm. FIG. 4 shows an example of the case where a playback 
signal is disturbed by the fingerprint. Moreover, a deviation 
caused by the fingerprint has a long period of duration, but 
amplitude thereof is relatively small. Accordingly, the devia 
tion is not normally targeted for the deviation detection. 
Therefore, playback parameters for dealing with a read error 
caused by the fingerprint are included in parameter lists of 
the SNR deficit and the others. 

0042 (Contents of List by Factor) 
0043. Here, a description will be given for contents of a 
retry list by each factor. 
0044 FIG. 5 shows an example (BD4X) of a retry list for 
dealing with a deviation. As described above, in consider 
ation of system simplification, retry lists for dealing with 
tracking and focusing deviations are combined, and the 
same list is executed regardless of which one of the devia 
tions is detected. Main effective parameters for dealing with 
the deviation are increases in feedback control gains of 
tracking and focusing, and reduction in a playback speed 
from 4x to 2x. The playback speed is important performance 
for the drive. Thus, the reduction in the playback speed is set 
in a lower level of the list in order to avoid as much as 
possible, although the reduction in the playback speed is 
expected to be effective as a retry parameter. The parameters 
in the retry list are applied sequentially from those set in an 
upper level of the list until read is successfully performed. 
0045. Next, a description will be given for a list for 
dealing with a defect. With respect to a situation of a read 
error occurrence caused by the defect, there are mainly two 
cases including the case where a length of the defect is as 
long as an error correction limit, and the case where tracking 
is shifted off by the defect and a cluster on another track is 
played back. As to the former, since the number of errors 
statistically fluctuates at each trial, a considerable effect can 
be expected even by the simple retry. As to the latter, 
improvement can be expected by lowering a feedback gain 
to Suppress an excessive fluctuation of a feedback system 
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when entering into the defect. While passing on the defect, 
operations of a control system for tracking and focusing are 
held. However, since a time for which the operations can be 
held is limited by hardware restrictions, it may be rather 
disadvantageous to lower the playback speed. Thus, the 
playback speed is not lowered. 
0046 FIG. 6 shows an example of a retry list prepared by 
taking account of those described above. The contents of 
each trial are iterated for three times. Normally, when 
passing on the defect, adaptive operations of an adaptive 
equalizer and an adaptive Viterbi decoder are also held. 
Immediately after passing the defect, amplitude of a play 
back signal waveform and a dc offset level are changed 
under the influence of a transient response and the like. A 
certain effect can be expected also by reducing a study time 
constant of each of the adaptive equalizer and the adaptive 
Viterbi decoder in order to accelerate a response to the 
changes described above. The focusing gain is set in a lower 
level of the list, since an effect may be obtained. 
0047 Next, a description will be given for a retry list for 
dealing with the SNR deficit and other factors. FIG. 7 shows 
an example of BD4X. 
0048. As described above, the retry list also includes 
measures against the fingerprint. Since the playback signal 
processing system of this drive includes the adaptive equal 
izer and the adaptive Viterbi decoder, even if a boost for a 
shortest mark/space signal is increased in the event of the 
SNR deficit, a direct effect on a binary discriminator cannot 
be expected. However, particularly, in a system, such as BD, 
where the shortest mark/space signal has poor jitter, opera 
tion clock jitter of the binary discriminator is Suppressed by 
increasing the boost of the shortest mark/space signal. Thus, 
an error rate can be improved. This is because an operation 
clock of the binary discriminator is generated from a play 
back signal by use of a digital PLL. 
0049. As shown in FIG. 4, the fingerprint is characterized 
in that the local extinction appears more than once within 
several cm. As a result, there arises a problem that errors are 
increased by a change in a baseline (center of an eye-pattern) 
of a playback signal. In order to deal with the problem, a trial 
is performed by setting a cutoff frequency of a high-pass 
filter to be higher than usual. This trial involves deterioration 
in an error rate of a mark/space signal having a long run 
length. However, an effect of shortening a length of a burst 
error can be expected. 
0050. When the playback speed is lowered, a bandwidth 
of the playback signal processing system is reduced, and 
inputted noise power is reduced. As a result, improvement in 
the error rate can be expected. However, from the viewpoint 
of apparatus performance, lowering of the playback speed 
should be avoided as much as possible. Thus, the parameters 
are set in the lower level of the list. 
0051 (Isolated Block Playback) 
0.052 Regarding the DVD, it is guaranteed in the stan 
dards that a block immediately before a block in which user 
data is recorded is not in an unrecorded State. Meanwhile, in 
the BD, a RUB including user data can exist immediately 
after an unrecorded region. Here, for convenience, the RUB 
immediately after the unrecorded region as described above 
is called an isolated block. 
0053 A problem arising in playback of the isolated block 

is that, since a block immediately before the isolated block 
is in an unrecorded state, a time allowed for a PLL (phase 
locked loop) of a data playback system to be locked with a 
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playback signal clock is short. Assuming that a channel 
clock duration is T, it is required that the PLL is caused to 
lock at about 2700 T from the top of the block. If the 
playback signal has a good SNR, it is relatively easy to 
satisfy the requirement described above. However, even if 
the SNR of the playback signal from the block is originally 
bad and close to the playback limit, playback is demanded. 
Under Such a situation, a read retry occurs with a consid 
erable probability. The occurrence of the read retry is 
significantly influenced by the following. When the SNR of 
the playback signal is deteriorated, accuracy of phase com 
parison is lowered under the influence of noise, and thereby, 
the time required for the PLL to lock is significantly elon 
gated. Therefore, by performing determination of a preced 
ing unrecorded RUB in retry factor detection, a success rate 
of isolated block playback in the retry is improved. 
0054 First, a description will be given for determination 
of an unrecorded RUB immediately before the RUB 
described above. In the case of a phase change recording 
medium, a reflectance of an unrecorded part is higher than 
that of a recorded part, and a modulation factor is 0. This 
state is the same as that obtained by reversing the relation 
ship between the upper side and the lower side of the 
envelope in the defect detection, and thereby, detection 
thereof can be performed by use of a similar method. 
Moreover, a seek end position before the retry is several 
RUBS before the RUB. Thus, in order to determine that the 
preceding RUB is not yet recorded, it is determined whether 
or not an appearing unrecorded part is the preceding RUB, 
while an ADIP (address in pre-groove) is being monitored at 
the same time. If it is determined that the preceding RUB is 
not yet recorded, a retry list for the isolated block is 
executed. FIG. 8 shows an example of a retry list related to 
the isolated block playback. This retry list is characterized 
by Switching a signal for performing the phase comparison. 
The details thereof will be described below. 

0055. In the playback signal processing system used here, 
as shown in FIG. 9, besides phase comparison by use of 
output of a normal ADC (analog to digital converter) 21, 
phase comparison by use of an adaptive equalizer output is 
also possible. In normal phase comparison, a phase error is 
detected by a phase comparator A 24 from the ADC output 
which has passed through a slicer 22. Moreover, a frequency 
and a phase of an output clock of a VCO (voltage controlled 
oscillator) 26 are controlled via a loop filter 23. Meanwhile, 
in the case where the phase comparison is performed by 
making use of an adaptive equalizer 12, a phase is detected 
from output of the adaptive equalizer by use of a phase 
comparator B 25. The adaptive equalizer 12 is a type of a 
FIR (finite impulse response) equalizer and output thereof 
has a large delay time. Thus, in the case where a playback 
signal has a good SNR, the time required to lock the PLL is 
elongated compared with the case of using the ADC output. 
However, since the FIR equalizer acts as a high-order 
low-pass filter, noise of an input signal to the phase com 
parator is reduced. Thus, the accuracy of the phase com 
parison is improved. As a result, the time required for the 
PLL to lock can be shortened. 

0056 FIG. 10 shows a simulation result of comparing the 
above two. The horizontal axis indicates an initial phase 
error, and the vertical axis indicates an initial frequency 
error. A pseudo-playback signal used in the simulation is 
obtained by combining waveforms based on an optical step 
response and Superimposing white noise thereon. Noise 
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amplitude is adjusted so as to set an average symbol error 
rate to 2x10 at PR (1, 2, 2, 1) ML channel. This means 
almost a limit state in which compatibility can be guaranteed 
between drives. Generally, the larger the absolute values of 
both of the initial phase error and the initial frequency error 
are, the more the time required for the PLL to lock tends to 
be elongated. In FIG. 10, the limit initial frequency errors at 
which the PLL can be locked within 2700 T after the PLL 
starts a pull-in operation are plotted, the initial frequency 
errors each being obtained for each initial phase error. In 
reality, even if the noise amplitude is the same, the initial 
frequency error at which the PLL can lock within allowed 
time differs depending on a noise signal waveform to be 
Superimposed. That is, an allowable initial frequency error 
has a distribution. Thus, each plot in FIG. 10 is obtained by 
averaging values obtained by use of the sufficient number of 
different noise waveforms. Consequently, the curve in FIG. 
10 indicates the center of the distribution. In other words, on 
the curve, a probability that the PLL can lock within the 
allowed time is 50%. 
0057 Variances at the initial phase error +0.5 T at which 
the allowable initial frequency error is minimized are 0.15% 
and 0.038%, when the phase comparisons are performed by 
use of the ADC output and the adaptive equalizer output, 
respectively. The size of the allowable initial frequency error 
has approximately the same value in either case. Therefore, 
if the maximum initial frequency error allowed by the drive 
is 0.25%, a probability that the PLL cannot lock within the 
allowed time is about 4% when the ADC output is used, 
while it is virtually 0 when the adaptive equalizer output is 
used. Accordingly, even if there is a significant influence of 
noise, the isolated block can be played back with sufficient 
reliability by performing the retry using the adaptive equal 
izer output. 
0.058 (Verify) 
0059 FIG. 11 shows a read channel setting when a verify 

is performed. Main component blocks of the read channel 
are a 7" order equi-ripple equalizer 11, an adaptive equalizer 
12 and an adaptive Viterbi decoder 13. The settings in 
normal playback and the read retry thereof are as described 
above and in Japanese Patent Laid-Open No. Hei 11 (1999)- 
296.987. 

0060. As described above, at the time of verify, it is 
necessary to assume the lowest level of channel performance 
realized by other apparatuses, and to secure a margin for 
compatibility. In the case of the BD, for recording quality 
and the like required to secure the compatibility, it is 
specified to use a read channel using a limit-equalizer. 
However, in an actual drive, it is anticipated that a PRML 
excellent in decode performance is used in many cases. 
Therefore, the verify is performed by use of the most 
primitive PRML channel for the BD. In the case of the BD 
(25 GByte/side), an adaptive PR-class is PR (1, 2, 2, 1) ML. 
Moreover, for equalization, only the 7" order equi-ripple 
equalizer is used. Thus, the adaptive equalizer stops adaptive 
equalization and sets frequency characteristics of amplitude 
and phase to be flat. Consequently, for example, if a degree 
of asymmetry becomes larger than the specified degree due 
to abnormal write power, the symbol error rate is surely 
increased. 

0061 FIG. 12 shows an example that the setting shown 
in FIG. 11 is appropriate in the case of a BD-R single-layer 
(25 GB) medium. This example shows measurement results 
of symbol error rates obtained as follows. Firstly, in the 
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BD-R single-layer (25 GB) medium, the nearly entire sur 
face is recorded by intentionally using power Smaller than a 
proper value, and then the BD-R single-layer medium is 
played back by both a normal setting and the same setting as 
that for the verify described above, whereby the symbol 
errors rates are measured. Characteristics such as recording 
sensitivity of the medium are not uniform. In the case of the 
normal playback, the influences are almost entirely elimi 
nated by the operations of the adaptive Viterbi decoder and 
the adaptive equalizer. On the other hand, in the case of the 
playback by use of the verify setting, a difference in record 
ing signal quality depending on a position on the medium is 
clearly recognized. Particularly, in an outermost circumfer 
ence of the medium, a verify error is observed. This is 
because media sensitivity in the outermost circumference is 
particularly low, and thereby the asymmetry becomes very 
large. FIG. 13 shows a playback signal eye-pattern in a 
region where the verify error occurs. 
0062. In the case where there are a large number of RUBs 

to be recorded, every time when a certain number of RUBs 
are recorded, all RUBS which have just recorded are col 
lectively verified. FIG. 14 shows a flowchart when the verify 
is performed. When 1 unit of recording is completed, 
playback parameters for the verify are set in the playback 
signal processing system, and playback is started. In the 
normal playback, occurrence of a read error is monitored, 
and appropriate processing is performed when the read error 
is detected. In the case of the verify, occurrence of not the 
read error but a verify error is monitored. In the case of the 
BD, a standard condition of the verify error is that at least 
one code word having not less than 12 symbol errors exists. 
When the verify error is detected, an address of the RUB is 
registered. The above operations are performed for all the 
RUBs recorded. Note that, as to the RUB in which the verify 
error occurs, in the case of a medium which can be over 
written, recording is tried again. If the verify error still 
occurs, replacement processing is performed. Moreover, in 
the case of a write-once medium, the replacement processing 
is immediately performed. 
What is claimed is: 
1. An optical disk apparatus comprising: 
a read channel including an adaptive Viterbi decoder and 

an adaptive equalizer; 
detecting means which detects read error factors; and 
a list in which playback operation parameters to be 

applied in a read retry are registered for each of the read 
error factors, 

wherein, when a read error occurs, the read retry is 
performed by referring to the list, and by applying the 
playback operation parameters corresponding to the 
read error factor detected by the detecting means. 
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2. The optical disk apparatus according to claim 1, further 
comprising means which specifies a position where the read 
CO OCCU.S. 

3. The optical disk apparatus according to claim 1, 
wherein the read error factors include a defect, a deviation 
and a SNR deficit. 

4. The optical disk apparatus according to claim 1, further 
comprising means which detects an isolated block. 

5. The optical disk apparatus according to claim 1, 
wherein, in a read retry of an isolated block, phase com 
parison of a PLL of a playback signal processing system is 
performed by use of output from a FIR equalizer. 

6. The optical disk apparatus according to claim 5. 
wherein the FIR equalizer is an adaptive equalizer. 

7. An optical disk apparatus comprising: 
a read channel for processing a playback signal; and 
parameter setting means which sets parameters of the read 

channel, 
wherein the parameter setting means sets parameters so as 

to cause the read channel to have functions as an 
adaptive equalizer and an adaptive Viterbi decoder in 
normal playback, and sets parameters so as to lower 
playback performance of the read channel in a verify as 
compared with that in the normal playback. 

8. The optical disk apparatus according to claim 7. 
wherein, in the verify, the parameter setting means sets 
parameters of the read channel so as to stop adaptive 
equalization of the adaptive equalizer and to set frequency 
characteristics of amplitude and phase to be flat. 

9. A playback signal processing method for an optical disk 
apparatus, comprising the steps of 

processing a playback signal by use of a read channel 
using an adaptive Viterbi decoder and an adaptive 
equalizer in normal playback; 

setting playback performance of the read channel to be 
lower than that in the normal playback, when a verify 
is performed; and 

performing the Verify by processing a playback signal by 
use of the read channel having the playback perfor 
mance set low. 

10. The playback signal processing method according to 
claim 9, wherein adaptive equalization of the adaptive 
equalizer is stopped and frequency characteristics of ampli 
tude and phase are set flat, when the verify is performed. 

11. The playback signal processing method according to 
claim 9, wherein the read channel is set in a manner that a 
verify error occurs when asymmetry exceeds a specified 
value. 


